INTRODUCTION 40
Plant root development requires an incessant generation of different types of 41 cells by the pluripotent stem cells. In the root apical meristem (RAM), the stem cell Figure 1 ). Because the plants developed from the normal seeds were rab8d-3/+ or 146 wild type, suggesting that the albino seeds might be homozygous rab8d-3. These 147 observations further confirmed that Rab8d is vital for embryo development. 148 The allele of rab8d-1 (referred as rabe1b-1 in a previous study) contains a 149 T-DNA insertion in the gene promoter region ( Figure 1A) , which leads to an about 150 three-quarter decrease in the gene transcriptional level (Li et al., 2018) . rab8d-2 151 contains a T-DNA insertion in the gene 5' UTR ( Figure 1A ). Using quantitative PCR 152 (qPCR), we further confirmed that rab8d-1 retained about 30% of Rab8d mRNA 153 levels in 5 DAG seedlings, whereas rab8d-2 retained only about 8% of transcripts, 154 indicating that both of them were knock-down alleles at least at the seedling stage 155 (Supplemental Figure 2) . The 3 DAG seedlings of both rab8d-1 and rab8d-2 156 displayed a pale-green phenotype under normal growth conditions ( Figure 1B ). 1 DAG, although no stem cells were taken up by PI and the QC cells could be easily 181 identified, the GFP signal triggered by the WOX5 promoter appeared to be slightly 182 diffused into the stele initials ( Figure 1F ). At 2~3 DAG, the cell death was seen in 183 some of the root initials with a similar expansion of the GFP signal ( Figure 1F ). 184 Markedly, since 4 DAG, the WOX5 promoter activity was expanded about two cell 185 layers and was surrounded by dead cells (Figure 1F ), suggesting division of the QC 186 cells. As a control, in the wild-type background, no expansion of the WOX5 187 expression was observed ( Figure 1F ). These results suggest that the root stem cells, 188 especially stele initials, are hypersensitivity to the reduced function of Rab8d, and the 189 PCD in SCN may further trigger the QC division for the stem cell replenishment. 190 In addition, resulting from that Rab8d is predicted to function in plastid 191 translation, we wondered if the root growth defect of the rab8d mutants was 192 associated with the impaired plastid translation. To test this, we treated the wild-type 193 seedlings with a plastid translation inhibitor, lincomycin. The results showed that, 194 though the root length was slightly reduced by lincomycin (Supplemental Figure 3A) , 195 no cell death was observed in SCN ( Figure 1E ) and QC was inactive indicated by the 196 WOX5 expression (Supplemental Figure 3B ), suggesting that the Rab8d-dependent 197 signal possessed a special role in fine regulating root development.
198
Rab8d is highly accumulated in embryos and RAM 199 The subcellular localization of Arabidopsis Rab8d has been tested in leaf 200 epidermal cells of tobacco (N. benthamiana) and Arabidopsis protoplast using 201 9 transient expression by other labs, which results indicate that Rab8d is localized in 202 chloroplast and formed distinct foci (Lichocka et al., 2018; Liu et al., 2019) . We 203 obtained the stable transgenic lines of Rab8dpro:Rab8d-GFP in the rab8d-2 204 background. These transgenic plants were displayed a wild-type phenotype, 205 suggesting that the fusion protein of Rab8d-GFP was fully functional in vivo. 206 However, inconsistently, under normal growth conditions, we found that Rab8d-GFP 207 was not formed foci but evenly distributed in chloroplast stroma of mesophyll cells 208 (Supplemental Figure 4) . A previous study has reported that the Rab8d protein is 209 heat-sensitive because of its rapid aggregation at high temperatures (Li et al., 2018) . 210 We found that when these plants were treated with a heat-stress condition (37ºC) for 4 211 h, agglomerated GFP signals were clearly observed in chloroplasts (Supplemental 212 Figure 4 ). Therefore, our result may represent the true localization of Rab8d in vivo. 213 Since its vital roles in embryo development, the Rab8d expression pattern was 214 analyzed in embryos of the Rab8dpro:Rab8d-GFP line. Indeed, Rab8d could be 215 clearly detected throughout the embryo development process, even before the 216 globular stage (Figure 2A ). Note that no chlorophyll (Chl) fluorescence was detected 217 in embryos at pre-globular and globular stages (Figure 2A ), indicating that Rab8d was 218 also present in proplastids. Together with the observation of albino seeds in the 219 rab8d-3+/-siliques (Supplemental Figure 1) , these results suggested that Rab8d might 220 be required for plastid/chloroplast maturation during embryo development. The 221 pattern of Rab8d protein abundance was further tested in roots, which result showed 222 that its protein was highly accumulated in the RAM region, including in QC and stem 223 cells ( Figure 2B ).
224
The loss of QC identity in rab8d correlates with the perturbed auxin maximum 225 and PLT and SHR pathways 226 Auxin is required for the root meristem maintenance (Brumos et al., 2018) . The 227 retarded root growth resulting from the reduced level of Rab8d led us to estimate the 228 auxin level in root tip. To address this issue, we employed an auxin-responsive marker 229 DR5rev:GFP and tested its activity in root tips of wile type and rab8d-2 using 230 confocol. The results showed that, starting from germination, the auxin level 231 10 (indicated by the GFP signal) in rab8d-2 was obviously lower than that in wild type 232 ( Figure 3A ). In QC, there is always an auxin maximum that is required for 233 maintaining the cell identity (Sabatini et al., 1999) . However, in rab8d-2, the GFP 234 intensity peak in QC was undetectable ( Figure 3B ). This result is consistent with the 235 observation that the QC cells lost their identity and are active in rab8d-2 ( Figure 1E , 236 F). PINs-mediated polar auxin transport is critical for the establishment of auxin 237 gradients (Friml et al., 2003; Blilou et al., 2005) . Unsurprisingly, the accumulation of 238 PIN1, PIN2, PIN3, and PIN7 proteins was also significantly reduced in the root of 239 rab8d-2 (Supplemental Figure 5 ). In addition to auxin, transcription factors of PLTs 240 are also accumulated in gradient in root tip with maxima in QC and stem cells, which 241 play key roles in the SCN patterning (Galinha et al., 2007) . In rab8d-2, expression of 242 PLT1 and PLT2 was severely downregulated, and the maximum of PLT2 was lost, 243 though that of PLT1 could be detected weakly in QC ( Figure 3C ). The SHR-SCR 244 module is also important for the SCN patterning, paralleling the PLT pathway 245 (Nakajima et al., 2001; Sabatini et al., 2003) . In the wild-type background, the SHR 246 protein was clearly observed in the stele cells and nuclei of the QC and endodermal 247 cells. In rab8d-2, SHR could be weakly observed in the stele cells, however, no (or 248 11 very weak) signal was observed in QC or endodermal cells ( Figure 3D ). Consistently, 249 the accumulation of its downstream factor, SCR, was also significantly decreased 250 ( Figure 3D ). These results suggest that the loss of QC identity is tightly associated 251 with the abnormal auxin distribution and the impaired PLT and SHR-SCR signaling 252 pathways. The low levels of PLTs also positively correlate with the reduced RAM size 253 in rab8d-2. 254 We further tested the root growth phenotype of rab8d-2 grown under exogenous 255 auxin conditions. The results showed that the exogenous auxin treatment (0.5, 1, and 256 2 nM IAA) had no clear effect on the rab8d-2 root (Supplemental Figure 6A ), 257 suggesting that the retarded root growth of rab8d-2 might not be resulted from the 258 reduced auxin level in vivo. In contrast, the wild type roots were sensitive to the IAA 259 treatment reflected by the reduced root length compared with control (Supplemental 260 Figure 6A ). Brassinosteroids also play roles in regulating root growth (Mussig et al., 261 2003) . Note that a very low level of exogenous brassinolide (BL, 0.01 nM) 262 application significantly promoted root growth of wild type (Supplemental Figure 6B ).
263
By contrast, the root growth of rab8d-2 was further inhibited under the same 264 condition (Supplemental Figure 6B ), suggesting that rab8d-2 was more sensitive to 265 12 exogenous BL than wild type. Under higher concentrations of BL (0.05 and 0.1 nM), 266 both wild type and rab8d-2 displayed a decreased root length phenotype 267 (Supplemental Figure 6B ). Together, the retarded root growth of rab8d-2 is likely 268 independent of auxin or BR signaling.
269
Root transcriptome comparison between wild type and rab8d-2 270 To further figure out the molecular mechanism of the regulation of root growth 271 by Rab8d, we performed transcriptome profiling using RNA-sequencing (RNA-seq) 272 to find out changes in global gene expression between wild type and rab8d-2. Total
273
RNA was extracted from roots of 5 DAG seedlings, and a total of 24233 genes were 
294
The reduced root meristem size in rab8d is partially rescued by perturbing the 295 13 ATM pathway 296 Among the mis-regulated genes in rab8d-2, the dramatically increased transcript 297 abundance of the gene encoding one of the cyclin-dependent kinase inhibitors, 298 SIAMSE-RELATED5 (SMR5, Figure 4A ), attracted our attention because of its role in 299 cell cycle inhibition (Yi et al., 2014) . To further confirm this result, we compared the 300 SMR5pro:GUS activity between wild type and rab8d-2. In the wild-type background, 301 SMR5pro:GUS was predominantly expressed in the columella cells with a very low 302 level in the meristem region ( Figure 4B ). However, in the rab8d-2 background, the 303 expression of SMR5pro:GUS was markedly observed in the meristem region ( Figure   304 4B). We thus assumed that the cell cycle might be affected in the root meristem of 305 rab8d-2. To test this hypothesis, we first compared the density of cells entered the S 306 phase [detected with the thymidine analogue 5-ethynyl-2'-deoxyuridine (EdU)] 307 between wild type and rab8d-2 (see details in Methods). The results showed that the 308 density of cells entered the S phase was reduced by roughly half in rab8d-2 309 (Supplemental Figure 8A, B ). Then we employed the CycB1;1pro:GUS reporter to 310 indicate cells at the G2/M transition phase. Using GUS staining, we found that the 311 density of GUS-positive cells was significantly increased in rab8d-2 (Supplemental 312 Figure 8C , D). On account of the affected S-phase entry, the increased G2/M cell 313 density in rab8d-2 suggested the lack of M-phase entry because of degradation of the 314 fused protein of GUS with a mitotic destruction box at M phase. These observations 315 suggest that Rab8d is important for the global cell cycle maintenance, and the reduced 316 meristem size of rab8d-2 may be resulted from the affected cell cycle. To further 317 investigate whether the reduced meristem size of rab8d-2 was associated with the 318 induction of SMR5, we eradicated the SMR5 function in rab8d-2 by crossing it with a 319 knockout allele of smr5. Our observations indicated that the loss of SMR5 function 320 indeed rescued, but not fully, the root growth phenotypes of rab8d-2, including the 321 root length and the number of meristem cells ( Figure 4C -E). 322 We also noted that the expression pattern of SMR5 in the rab8d-2 root is very 323 similar as observed in the root treated with the DNA replication inhibitory drug 324 hydroxyurea (Yi et al., 2014) . The induction of SMR5 on the genotoxic stress 325 14 conditions is dependent on ATM and SOG1 (Yi et al., 2014) . As a consequence, we 326 wondered whether the induction of SMR5 in the rab8d-2 root was also mediated by 327 the ATM pathway. To address this issue, we introduced the SMR5pro:GUS reporter 328 into the double mutant backgrounds of atm-2 rab8d-2 and sog1-1 rab8d-2. Using 329 GUS staining, we found that the loss of ATM or SOG1 function dramatically reduced 330 the activity of SMR5pro:GUS in the RAM of rab8d-2 ( Figure 4B ). The observation 331 15 suggested that the ATM-SOG1 pathway could perceive the rab8d-dependent signal. In 332 addition, the SMR5 expression also can be highly induced by ROS, which is mediated 333 by the ATM pathway as well (Yi et al., 2014) . We further wondered whether the 334 SMR5 induction in response to the reduced function of Rab8d was associated with 335 ROS. Using 3,3-diaminobenzidine (DAB) staining, we observed no significant 336 change in the H 2 O 2 level in rab8d-2 relative to that in wild type (Supplemental Figure   337 9A). Yet, using nitroblue tetrazolium (NBT) staining, we found that the superoxide 338 accumulation was higher in the root of rab8d-2 than in that of wild type, especially in 339 the stele of elongation zone (Supplemental Figure 9B ). To investigate the role of 340 superoxide in the regulation of SMR5 in rab8d-2, we treated seedlings with an 341 NADPH oxidase inhibitor, diphenylene iodonium (DPI). However, in rab8d-2, no 342 obvious difference in the SMR5pro:GUS activity was observed between seedlings 343 grown under control and DPI ( Figure 4B ), which indicated that the induction of SMR5 344 expression was not associated with the ROS signaling. Consistently, DPI had no clear 345 effect on the root growth phenotype of the rab8d mutants, whereas it slightly reduced 346 the root length of wild type (Supplemental Figure 9C ).
347
As smr5 partially rescued the root phenotypes of rab8d-2, we further examined 348 the effect of loss of ATM or SOG1 function on them. Compared with rab8d-2, both 349 the double mutants of atm-2 rab8d-2 and sog1-1 rab8d-2 possessed significantly 350 longer roots and more root meristem cells ( Figure 4C -E), although these rescues were 351 partial likewise. More importantly, the ATM-SOG1 pathway mediates the DNA 352 damage induced PCD in SCN (Fulcher and Sablowski, 2009; Yoshiyama et al., 2013) . 353 However, the loss of ATM, SOG1 or SMR5 had no effect on the PCD phenotype in 354 SCN of rab8d-2 ( Figure 4E ).
355
In addition, consistent with SMR5, SMR7 is also in response to the ATM and was slightly reduced in the rab8d-2 root ( Figure 4A ). Therefore, it is not surprised 359 that the loss of SMR7 function had no effect on root development of rab8d-2 ( Figure   360 4C-E).
16
Together, the above results indicate that the ATM-SOG1 module perceives the 362 rab8d-dependent signal and plays a role in regulation of RAM size in rab8d-2 363 through inducing the SMR5 expression.
364
The loss of QC identity in rab8d-2 is dependent on ERF115 365 The strong reaction of ERF115 to the reduced expression of Rab8d ( Figure 5A ) 366 also attracted our attention because of its roles in regulating the QC activity and stem 367 cell renewal (Heyman et al., 2013; Heyman et al., 2016) . Through detecting the GFP 368 signals triggered by ERF115pro:NLS-GFP in the rab8d-2 background, we found that 369 the ERF115 expression was highly induced in the meristematic stele cells surrounding 370 the dead ones from 3 DAG, whereas no (or extremely weak) signals were observed in 371 the wild-type background ( Figure 5B ). The hyperactive of ERF115 expression might 372 be associated with the death of stele initials because of its wounding-responsive 373 characteristic (Heyman et al., 2016) . Nevertheless, at 1.5 DAG, no cell death was 374 observed but the ERF115 expression could be clearly detected in SCN of rab8d-2 375 ( Figure 5B ), suggesting onset of programmed death of some of these cells.
376
It has been reported that the expression of ERF115 leads to division of the QC 377 cells (Heyman et al., 2013) . Our results also clearly indicated the high expression of 378 ERF115 in the QC and QC-like cells of rab8d-2 ( Figure 5B ). We thus wondered that 379 whether the loss of QC identity in the rab8d-2 root was associated with the induction 380 of ERF115. To address this issue, we crossed rab8d-2 with a dominant-negative 381 mutant ERF115 SRDX . The results showed that, interestingly, the loss of ERF115 382 function further inhibited the root growth of rab8d-2 ( Figure 5C, D) . In consistent 383 with this result, the meristem cell number of rab8d-2 ERF115 SRDX was significantly 384 less than that of rab8d-2 ( Figure 5E ). More importantly, although the PCD phenotype 385 was observed in SCN, the QC cells appeared to be inactive and were easily identified 386 in rab8d-2 ERF115 SRDX (Figure 5F ). In contrast, although the SCN was normal in the 387 overexpression line of ERF115 (ERF115-OE), its QC was indistinguishable because 388 of cell division ( Figure 5F ). These observations suggest that ERF115 has no roles in 389 controlling the longevity of SCN but functions in the activation of QC cells in 390 rab8d-2.
391
Rab8d physically interacts with GUN1 in vivo 392 To further dig out the molecular mechanism of rab8d-dependent programmed 393 death of stem cells, we performed a GFP-tag based co-immunoprecipitation (co-IP) interaction between Rab8d and GUN1, we employed an overexpression line of 417 GUN1-GFP (OE-13) and conducted the GFP-based IP. The result showed that Rab8d 418 could be detected in the direct substrates of GUN1 ( Figure 6B) . In contrast, the Rab8d 419 19 level in the cpGFP (a plastid targeted GFP fused with the RbcS transit peptide) 420 substrates was extremely weak ( Figure 6B ). The results suggest that Rab8d can 421 directly target GUN1 in vivo.
422
GUN1 determines the longevity of SCN in rab8d 423 Since Rab8d physically interacted with GUN1, we wondered the effect of loss of 424 GUN1 function on the rab8d phenotype. To address this issue, we tried to eradicate 425 the GUN1 function in rab8d-2 by crossing it with gun1-101 (a widely used T-DNA 426 insertion mutant of GUN1). However, no viable homozygous double mutant of 427 gun1-101 rab8d-2 was isolated. Nevertheless, we found that a small portion of 428 seedlings of the F2 population was etiolated or albino with severely arrested root 429 growth ( Figure 7A ). These plants could not develop true leaves, suggesting a 430 cotyledon-lethal phenotype ( Figure 7A ). We further confirmed that these plants were 431 homozygous gun1-101 rab8d-2 using PCR detection. Notably, the root architecture of 432 double mutant was severely disorganized, the SCN was hardly identified, and many 433 of the root tip cells were enlarged ( Figure 7B ). The cellular enlargement might be 434 associated with differentiation and endoreduplication. To further confirm this 435 observation, we introduced gun1-8 (a site-mutation allele of gun1) into rab8d-2, and a 436 similar phenotype was observed in the gun1-8 rab8d-2 double mutant ( Figure 7B ).
437
These results suggest that GUN1 likely is vital for maintaining the root architecture of 438 rab8d-2. 439 We assumed that the severe developmental defect of gun1 rab8d-2 might be 440 partially associated with the very low level (about 8%) of Rab8d transcripts in 441 rab8d-2. To test this, we crossed gun1-101 with the rab8d-1 allele that retained about 442 30% of Rab8d transcripts as mentioned above and analyzed the double mutant 443 phenotypes. The results showed that, indeed, the gun1-101 rab8d-1 double mutant 444 displayed a mitigated phenotype relative to gun1-101 rab8d-2 because it could 445 develop true leaves ( Figure 7C ). Nevertheless, the gun1-101 rab8d-1 plants were still 446 pale-green or albino and arrested before the reproductive stage ( Figure 7C) . In 447 addition, the root of gun1-101 rab8d-1 was significantly shorter than the single 448 mutants ( Figure 7D ), suggesting that rab8d-1 was hypersensitive to gun1-101, and 449 20 vice versa. Using PI staining, we found that the loss of GUN1 function had no clear 450 effect on the root tip architecture, whereas rab8d-1 displayed phenotypes including 451 the reduced root meristem size, PCD of stele initials, and disorganized QC (Figure 452 7E). By contrast, at 5 DAG, although the gun1-101 rab8d-1 double mutant showed a 453 reduced root meristem size phenotype as well, no cell death was observed in the root 454 stele initials, and the QC organization was normal ( Figure 7E ). These observations 455 suggest that the loss of GUN1 function rescued the abnormal SCN phenotype but had 456 no effect on the meristematic zone of rab8d-1 at this stage. However, unexpectedly, in 457 the root transition zone of gun1-101 rab8d-1, some of the stele cells were filled with 458 PI (indicated by a yellow arrowhead in Figure 7E ), suggesting PCD of these cells. At 459 7 DAG, there was still no cell death in the SCN of gun1-101 rab8d-1, but, noticeably, 460 its transition zone was enlarged with death of a large area of cells ( Figure 7E) . At 461 about 12 DAG, the root architecture of gun1-101 rab8d-1 was severely impaired, like 462 gun1-101 rab8d-2 (Supplemental Figure 10) . These results suggest that GUN1 likely 463 21 is required for the death and renewal of root stem cells in the rab8d mutants, which 464 might be important for maintaining the root architecture. The observations on gun1 465 rab8d-2 also could be explained by this hypothesis.
466
GUN1 has been well-studied because it is the hub integrating multiple showed that the GDA treatment had no effect on phenotypes of these two lines 476 (Supplemental Figure 11 ), suggesting that the rab8d-dependent signaling was 477 HSP90-independent.
478
Another recent study reported that GUN1 exerts its role in communication 479 between plastids and nuclei through controlling the tetrapyrrole metabolism (Shimizu 480 et al., 2019) . To test whether the tetrapyrrole-related signals were responsible for the 481 PCD of root initials in rab8d, we crossed another gun mutant, conditional chlorina 482 (cch1-1, a gun5 allele), with rab8d-2. GUN5 encodes the H-subunit of 483 which participates in the tetrapyrrole biosynthesis pathway (Adhikari et al., 2011) .
484
Unlike gun1-101 rab8d-2, the cch1-1 rab8d-2 double mutant was viable 485 (Supplemental Figure 12) . The shoot of cch1-1 displayed a paler phenotype compared 486 with rab8d-2, but its root length was similar to wild type (Supplemental Figure 12A , 487 B). By contrast, the cch1-1 rab8d-2 double mutant displayed a cch-like shoot and a 488 rab8d-like root length (Supplemental Figure 12A, B) . Importantly, the root tip 489 architecture of cch1-1 rab8d-2 was also similar to the rab8d-2 single mutant 490 (Supplemental Figure 12C) , which indicated that rab8d-2 was not sensitive to the loss 491 of GUN5 function. These observations further suggest that the tetrapyrrole-mediated 492 retrograde signaling might not be associated with the PCD phenotype in the root SCN For instance, the perturbed function of SCABRA1 (SCA1), a plastid-targeted 500 ribosomal protein, enhances the leaf polarity defects of asymmetric leaves (as1 and 501 as2) mutants (Mateo-Bonmati et al., 2015) . Several members of SUPPRESSOR OF 502 VARIEGATIONs (SVRs) have been found to play a role in the leaf margin 503 development (Zheng et al., 2016; Liu et al., 2019) . REGULATOR OF FATTY ACID 504 COMPOSITION3 (RFC3), also a plastid ribosomal protein, is required for the stem 505 cell patterning in lateral roots (Nakata et al., 2018) . In this study, we discovered an 506 unexpected role for the plastid EF-Tu Rab8d in maintaining the primary root growth 507 and development. Nevertheless, robust inhibition of plastid translation by an 508 exogenous drug lincomycin could not accurately mimic the phenotypes of rab8d-2 509 (Supplemental Figure 3) . These results suggest that the plastid translation-dependent 510 signaling is sophisticated and multifunctional and may require an accurate signal for 511 regulating root development.
512
A previous study reported that auxin homeostasis is sensitive to repression of 513 plastid translation in leaves (Zheng et al., 2016) . SVR9 encodes a plastid translation 514 initiation factor, and its function loss leads to disturbed auxin distribution in leaves, observations suggest an unknown mechanism that plastid translation dependent 523 signals regulate auxin homeostasis in leaves. Our results indicated that the auxin 524 homeostasis was affected in the root tip of rab8d-2 ( Figure 3A) , which was tightly 525 24 associated with the disturbed accumulation of PINs (Supplemental Figure 5) . Whether 526 the regulation of auxin homeostasis in roots by rab8d-2 shares a common mechanism 527 with that in leaves by plastid translation dependent signals needs to be further 528 investigated.
529
The most interesting phenotype in roots of the rab8d mutants is the PCD of stem 530 cells ( Figure 1E ). This phenotype is frequently observed when DNA is damaged. In 531 both plants and animals, two highly conserved protein kinases ATM and communication between these two organelles. One is dependent on the accumulation 586 of plastid preproteins in cytoplasm resulted from the impaired plastid protein import 587 (Wu et al., 2019) , another is associated with changes in tetrapyrrole metabolism 588 (Shimizu et al., 2019) . However, none of these two pathways is involved in the PCD 589 phenotype in the rab8d SCN ( Supplemental Figures 11 and 12) .
590
Together, we raised a model for illustrating the rab8d-dependent root phenotype 591 (Figure 8 ). In the root meristem region, ATM perceives the plastid signal triggered by (Heyman et al., 2013) , ERF115-OE (Heyman et al., 2013) , and 610 ERF115pro:NLS-GUS/GFP (Heyman et al., 2016) have been described previously.
611
For the construction of Rab8dpro:Rab8d-GFP vector, the genomic DNA of 612 Rab8d contained the encoding region (TGA free) and its upstream promoter (1510 bp) 613 was cloned into the pCAMBIA2300 empty vector. Then GFP was inserted at the 614 27 3'-end of Rab8dpro:Rab8d. The primers were listed in Supplemental Table 1 . The
615
Rab8dpro:Rab8d-GFP construct was introduced into wild type and rab8d-2 using the 616 Agrobacterium tumefaciens (GV3101)-mediated floral dip method. For selection of 617 transgenic lines, 50 µg/mL kanamycin was applied.
618
Surface-sterilized seeds were plated on solid 1/2 Murashige and Skoog (MS) 619 medium (pH 5.7) containing 1% (w/v) sucrose. After stratification at 4°C for 3 d, the 620 plates were transferred to a phytotron with 22°C and 16-h light/8-h dark conditions as 621 described previously (Li et al., 2019) . For the heat stress treatment, seedlings at 2, 3, 622 or 5 DAG grown under normal growth conditions were transferred to an illumination 623 incubator with 37°C and incubated for 4 h or with 30°C and incubated for 3 d 624 according to the experimental demands. For the lincomycin treatment, seeds were 625 plated on the medium described above containing 220 mg/L lincomycin (Sigma For observing the root morphology, roots were stained with PI (5 µg/mL) for 5 629 min and then transferred to the slides for microscopy. The observation methods for 630 embryos and detection fluorescence signals have been described in our previous study 631 (Li et al., 2019) . The fluorescence was detected with a CLSM (FV1200, OLYMPUS). ERF115, AT5G07310; GUN1, AT2G31400; GUN5, AT5G13630. 
